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(54) UGHT-EMnTING DIODE 

(57)Abstract . ^ . u . • v 

PROBLEM TO BE SOLVED: To enhance light-emitting efficiency by laminating 
an active layer, a clad layer, a window layer, a contact layer, and the like one 
after another, depositing thereon a conductive translucent oxide layer, while 
providing the contact layer with a recessed portion, and further forming thereon 
a second electrode whose size and position correspond with those of the 
recessed portion. 

SOLUTION: A lower layer electrode 50 Is provided thereon with a substrate 52 
and an overiap layer 54 consisting of a lower clad layer 540. an active layer 542 
and an upper clad layer 544. Further, a window layer 56 and a contact layer 58 
are formed on the overiap layer 54. Subsequently, a position for forming a 
recessed region is determined on the central region of the contact layer 58. The 
determined position is etched until a portion of the window layer 56 appears to 
form the recessed region. Thereafter, a conductive translucent oxide layer 60 is 
formed on the contact layer 58. which is then further provided thereon with an 
upper layer electrode 62 of which size and position correspond with those of the 
recessed region. Thus, since supplied current is dispersed to the entire light- ^ 
emitting diode, and the conductive translucent oxide layer 60 does not absorb* 
light emitted from the active layer 542, luminance is enhanced. 
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(54) [»5g<D«»l Sae^'f^-H 



(57) Ii|«5FW»*Ottffll 

<o±\zf^&^fiitm 1 »mMS:^ri-sm.i ^ 7 5^ k« 
2 ^ 7 y h*m<om%mcx 0 v^^iaiaii: 

T^— ^ 3 (ohmic contac 



tilt. IS3ty-f:i— K. 
Iff 2 ] IS^^ 1 {cmm^yt^^ Kt^ib^V^ 

[If 3 1 2 (Cl5«0^)t>5^^ Klwj3V> 

miE?§14«;55^>;:^ < i: t) A I G a 1 n P#Si[^# 

[If ^31 4 1 If 1 \z.td.M^(D^^y^ Ki::fc^v> 

HuE!;7^>'K!^^d5GaP. Ga As p. Gain 
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P, A 1 Ga 1 nPJ^LFAl O ^ (O^pfK <b t>V^T 

(If 5 1 fs^^ 1 {z^may^it^^ K^c:}ov^ 

T. mJE^^-^^ Vmt^. GaAsP. GaP. Ga 1 
n VRriG a A s (O^J^ti < t fc-o^SiSt* 5 C <t 

(If 6 1 if 1 Jc|2^0^)ty>r K(cioV> 

-C. HuiaS^2!)S/>/^< irtGaAsSr^tfC^t^l^ai: 
iSiailli5'7y KldS/><C<i:^AlGa 1 nPt: 

lift** 1 0 i i \Z.V:siS.(r>^%^^ Y\z.^ 

S (distribute B r a g'g r 76 f 1 e c 
tor) v^«fi<D±<DK KStOTm^S tbT 

1 1 ^n»*«l OlCia«(^5l)t>?'-<::t— KIC 
*3V>"C. ±ia:/9 y ^RitliSA 1 G a 1 n P i A 1 G 
a A s ov>-f tid^-o^^>*< i: i W-f i5 t SrWai: 
i-5^3fet5^-Y Ko 

2] «l«ffi±(C^^$ix^£fii:. S£ 

tt«(OJ:l::?^«$iifc«2««SSrWi-5»2 ^ 7 5^ K 

Si:. SES2^7y KS(D±{c?l$^$ixT^col|l^«*n: 
2^75^ KS<om^^£fiti /J^^v^ m2^mS!^ 
4±S.l>-<>'K5'«i:. S^7-fi^K!>»0±lc?g*^?tt 
fc:^"— ^ h (ohmic contac 

t) ^m^^ho\zm\^^hf\.^m2^nM^^ir^^y 

ffi±(c?^^$ii. K»2«fiio:*;t$i:(fi:g;6SKi>^>' 
Ki>jii*3(DK;^«^«i«{cj^^-f5t5<^. -:i>?^j^< 

±$:^eLT^^$nyt|g)t^-f Ko 
[»*« 1 3 1 »*« 1 2 Jc:|2tt(0^3t^^ Kll 

ioVNT. HiIiefSi41d5^i^JtC< i:t>A 1 Ga InP^^tf 

1 4 1 if 1 3 (c8Be«Of5jti5^><:i— KIC 
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ifcv^T. mlE^^ilj5^{J^?:j< <h: t> A 1 G a 1 n P#Sfi 
Ko 

(If J^JS 1 5 ] if 1 2 lC|afe(^^)fei5^^ K{C 
*5VNX. idEi^-f ^^Kl>»35SGa P. GaAsP, Ga 

I n P. A 1 Ga 1 n PRV^A I G a A s (r>{}?^fj:< 

Ko 

[mJ^m 1 6 ] If 1 2 Ktd 
10 :^^5V^r. iHa^^-^^ Ga as p. Ga P, G 

a 1 nPRXJ^GaAsiD'pfl<th-<>^^mi-^Zt 

(if 1 7 ] if ^« 1 2 [z^m^^^^ KIC 
Ko 

(If 3*^35 1 8 1 If 1 2 \z^igt<0^yt^^ Ktc 
*5V^T. H5iaS«i)5/><t < ^ t G a A s t:tt^Z t 

^ Iff *« 1 9 1 ff 1 2 (;iE«<^^)te^-< Ktc 
*5VnT: tJEB 1 ^ 7 y K«i5^<C < 1 1> A 1 G a 1 n 
P ittfZ i:*#at 1-5»3t^-f Ko " 

I^*3g2 0] Sf^Si'2lc!a«<^!^)fei/^':^- KIC 
*5V^T. m^mz^yy KS;55/>/^< it>AI Ga 1 n 
P tr^tf r t:#a t i-S5l*^-r Ko 

[If 2 1 ] if 1 2 lc|B«0^3fe^>< K{;i 
*3V^'C. $e>t-mi«mM#«:S$r^-r^:/7 5^i/^l?r 
S (distributed Braggreflec 
30 tor) tmm(r>±(OfS 19 yy Ym<r>y\z^^^i^X 

Cif 2 2 ] If 2 1 lcE«<0«*^-r 2l— KIC 

:fo*V^T. ±E:/7^7^SltS>65A rGa 1 nPi:Al G 
a A s OV^T4^2!)>-o$:^l^^c< i: t)^-r2>r 
f S^3fe^'<;^--Ko 

[0 0 0 1] 

-Vomm\cmL. $^tc:^L<ttx ^yyVm^^ir 
40 ^>^)t^>t':e— KOWatlJlK-r^o 
1000 2] 

[flfeJfciOfi^^^f] A I Ga I nVf^iHt^m"^. Al tGa 

8 0nm(OFB^<7)|l>ti5^-l':9"-K5:ilttjtX*^«o c 
MOV PEdnoetalorganic vapor 
phase e p 1 t a X y^m^m^n^^^^^'y 
-) ms^^^^^^:^tXmt^A \ G 2i I nP-.7^P 

Ga I nP-^T^pg^fllattt. n?^G a A s S4£±<^n 
50 nAXG^lnP^yyVMs ^9yyVmh(DA\G 
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G a I n P 7 5/ K® ^^}Si-^>o 
[0 0 0 31 ^^^5^^:^- K«:^^l::^f^i-^>^*t- 
It, Al Ga I nP^ToS-g^tDp na-g-ffilJiaA-rS 
m«l3&*^7K¥:^fR] t^^- l-^tS: t Ti?^- ^^-r 6 J:- 
plCt*6£^ll;6^fc'5o MOVPE&TJI^fifet^pJI^A 1 
G a I n P ^ 7 KS (0^««!J»ASStt 1 x 1 0 18 
cm-3 ]^±^l^LlC<;5^ofco ^^t-. p?l^AlG 
a f nPit^^««:rtOjE?LS»^ (mobility) 
It. \t\t\ 0-2 0 cm2*v/s e c i:. ®ii>-CteV\ 10 
COyb*!)pJ^AlGa I nP^^{$:i^<^fe^^itlt<ii6r 
;;c^< (IJIJO. 3-0. 6Q-cm) . ?2:i5SiO^>|&i^ 
dSffi«)rS<«:ofCo '^^{Z. t)bAl Ga I nPrt<0 
Al^^m-)iijt^!JDl-^>i:. fi;iA<il:6^^ai^lcii;(iDLfc. 

(current crowding) oPi3® $r?^^ L 

1000 4] Fletche r «lwi6Tp« y 
#fFIB5, 0 0 8, 7 1 8^t»-tt. mfltiSra-T'-f y 

^tltt. TimffilO. nJi^Ga AsS«l 2. 
,A i G a 1 n P-^-r o^'&^Jii X ^^ P ^^Gr a P -CJ^/S 

^ . A 1 G^a I n P--TPg-g-^3t 1 4tin?^A 1 G a I n 
. . PT^ y y KS 1 4 0. A 1 G a Ln PSttJi.l 4 2X 

a I nPJ:5;^c#<. ^tilci K!>»*5flH4S 

K-Cfl. ii^Al GaAs;&^!^>f V^Kt^^Olt^sft UT 
fflV>6)it6i w<?5*rfHlJi£lOn?^Ga AsS^l 2(0 

!5^>r^^K^?®0*^3p^^tTii^Qa As P*V>fiGa P 
d5«fflSix«>o ;i(D*tft«-A 1 Ga InV^y-xx^^m 
a^l 4 n;^G a A s i i ici:'^ i/7*e-ti«w< 
^lrbTy>5« rO:X;^(Cj:!9ii5V^$K& (d i s 1 o c 
a t i on) -^rtuftSSSf^i^^gfef^^ « 

lCj^ffi"6o K. H, Hu a n g^lCjz^Ap p I i e 
d Physics Letter, vol 61(1 
9 9 2) , miOAB'K^\Z}AWB.<r>mmii-^^^f\^X 
^tLlt)^5 0^j5'nVi?$(7)'5'-f'VK^ll 6^ 

tl^it^^Z"" rvj 3i^i/>iFS>u5so<ip'<L'fi i^x - * <^ - 

f|0^)t^^S:*rLXV>6o UTi-t. wO^ii*!. 211 
JS<0«t5tXmtCi!9lll6$tl> fill*)MOVPES-eAl 
Ga I nP^T^oS-g-Sr^^^t. $blCVPE (vap 



5 

or phase epitaxy, ^t@:E-t^^^i/ 

-CG a P -^^ y K-^l 1 6 ^m&i-^it^. Mit^ 

1 0 0 0 6 1 la 2 m\<0^^(D^^y4 :t- K<0^5t^ 
^LTl/N^jo Tp« y;&-^5fta#lf^5, 0 4 

8, 0 3 5'^lCia«$tVTV>^)tj<0'efc'9. HI ^I^C 

ZOmitVitAl InP^yy KJi 2 0}6S-^xog 
-aiii^l 4 0±^C?^^fife^t^X*3l9. ^fc. GaAs^^- 

h®ds^>>ry K!>ii 6<h±im^i s(Dm\zm^ 

$^^rv^So 7 2/ Kl 2 Oll±fimffil 8 tc^^&'T^) 
{iSli^j)^). -^gft^i^H^iTlfr^O^^y KI2 OSriiigL 

lCLrtf:.2>a r(0^aa{t2[Hl(0M0VPEXSt-S;'wx 
gp t>||l iHlOMO V P E X^^T^T o S-g-flljg \4t^ 

yyYm2 0(OW^^m'^\.. 2 ©MO V P E 

y K!>1 1 6 ^B^i-^o 

[0 0 0 7] msn. m3(o%^(D^)t^'^:t-Y<om 
m^^L. r^y *^ifeS4^fi=»5. 48i, 122-s^ 

p-c?^^^7;?r:/K»>® 1 eicitxT. pJ^^v^^M 
4 0&t;^»m3i)t^<l:®4 2A5S^^tuxv>?>. 31^. 

( I TO) {zxvmm&^^itm 4 2 

^J^fiK^tvT. «rmffiSrt'C9 0%<DS*143&5^btu 
60 ^OS^^.jg:ltJl^3XlO-4Q-cm"CpJ^AlG 
a I n F(D=^^(D-(Di^^^Vh^. S.Op?^Ga PO 
fiSi(DW^^<0-<0*:t*'X?*>5o td^U 0. 1-5^ 

[0008104 r±s 4 (?Dft*o5is*y >r 21— Ko«a 

^^L. p3<Ot><Oil^C®fil^l^^-^'^^^^'^*5 
-5. tiffiSl.9i:p?^AlGa lnP±^ 

yyYmi4 4(Om{Ztti^Byh^-^<V^ (Shot 
t k y barrier) im^^flX\^^^o -(Oi^a 

^{l::142. hS4 0RXf±i^yyYmi 4 4 

[0 0 0 9] 

_. v-— .<i)^. t&m^^. lESei:^^^v^^tifcmp 

n^^^mmm-^:itX\ ^yyYM^WM\^. X 
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10 0 1 01 -1^(r>^%^4ir-Y^^ 
Itiple quantum well) ^3^$r^>^ 

[0 0 121 i^w^\t^h\^t,it. -mo^yty^:t- 

loo 1 31 

?^ h (o hm i c. c o n t a c t ) Srll^'t"^0{Cffi 

^^m^^mtt^xy^^ hmi^m.^Lxt^^>K^m\c 

[0 0 141 m^^2(0^miit. UC|B«(^^3t 

[0 0 1 51 IS«3®3(D^5gH. lf3jt«2t::E«(0^3t 

y-Y:^- KIC*5V^T. mfE^i4M755/>/j:< ^ t a 1 G a 

[00161 IS^« 4 i^^^Ji. gfJ^Jl 1 icieicco^^ 
y< >i'— y !c ' T "/ V' y fip? -^T "o r. 5 
AsP, GalnP, AlGal n P&t/^A 1 GaAs 



(4) 

[00171 mm 5 it*« 1 (^E«(0^)fe 

. ^^:?^-K^w^3V^T. «9E3Vi$r>:^ GaAs 
P. Ga P. Gain PJltf G a A s O^I^/jr< ^t>— o 

[0 0 1 81 is^^e^o^^tt:. mmi\z^m<D^^ 

[00191 ft^« 7 co^ieti. 11^^ 1 \z.WM.<0%% 
^^:t- KJC*5V>T. ^iaS«;&5/>?^.t < <b t^G a A s ^ 

[0 0 2 0! Jfi^^^.?.(0^^^,^, 1 !lf^®<7^^.^ 

K^C*5V^T. Miam 1 7 5/ KJi>55i>/j:< t h 
Al Ga I nP^^tfri:Srifmi:1--6^«^-f:^-K 

(0 0 2 11 mms(D^mn. if*^i{ciafecD^)fe 

Al Ga I nPSr-^tPC t ir-r-S^MS^-Y^i—K 

[00 221 ft*S 1 0 M*^ 1 {-ia«(^B 

1"S::^7iyt/SltJi (d i s t r i but e d Bra 
g g r e f 1 e c t o r) t^m^(r>±.(OfSl V y 
<OT\zm&itlX\^^i>Zt^mit'r^^^^>(:^- K 

[0 0 2 31 lf*51 lO^i^fl, m^k^l 0{Cf5«<O 

30 5&3t^^-r3i— K^c^3v^x. ±ia:/9 y ^s*t«d5A i g 

a I nP^Al GaAsm^fJx3a*-oSriP'/j;< tt>*r 

[00 241 1 2 <^5S5gtt. II 1 nm±\m^^ 

itmmt. &mm(o±\m&^nitfS2mmmk^ 
t^fs 2 ^ ^ 5/ Ks ^ . K» 2 7 5/ h*S(o±\mgt,^ 

$v^:£2asMS^±i!^^-rvK•;^^t. £St!>>r:/K!;' 

« .^vT) 5 ^/^n^iJ^^ h (ohmic 

contact) ^il^i"^)<OlC>flU^6n'SSSz2^^ 

M^^i-s^v^iJ' vmh P^K. ^^y^^ vm<D-^ 
50 />/j:<i:tei±^SgtT«^Sttyi:»*y>r^- 
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10 0 2 51 If ^« 1 3 m^m 1 2 iciaacD 

Ga I nPSr$tfri:S:i|$»i:rS, %3t^-f:*— Ki: 
LTV^<5o 

1 0 0 2 6 1 1 4 (D^m\t. l 3 {C|2«(7) 

Ga I nP#mi:^^F^ai^^^6Ci:Sri|#m<i:-r 

[0 0 2 7] fi5it^ 1 5 (D^m\t. m^m 1 2 

GaAsP, GalnP. AlGaIn PRXJ^A 1 G a 
A s (^/>/jJ< ^ t)VN-f tL2!)^-o«::f t-S:: t Sr1#»[i:-r 

K^^:*5V^-C. tiIIE=i:/^i5' hlzJS. GaA 
s P. Ga P, Ga I nPRXJ^G & A s (D{}^ti:< ^fe— 

10 0 2 91 1 7 CD^i^fi, 1 2 

1 0 0 3 0 1 it*5 1 8 O^mtt. M*^ 1 2 (Cffittco 
^3fe^>f ^r— KtciaVN'C. .gliaS«;65/j^3^ir< i: t>Ga A 
s Sr^tfC i: S:»»^i"55S*;^>r UT V>5, 

[003 11 1 9 (OlSign. IS^JI 1 2 {Cia^co 

i^Al Ga InP^^t^Zti:ill^Wit'fZ^^y^:i' 

[0 0 3 21 2 0(7)551^ 14, fit^^Sl 2JCSEi^O 

Kt^:^3V^T, grsa» 2 ^ y KS^s^l^/ji < 
^t>Al Ga I nP5:^tpri:€:4#ai:1--6%*i5^>r:^ 

[0 0 3 31 »*«2 KOH^gW:, 31*^1 2(c|B«0 

^i'^^vy^RS^M (distributed Br 

i:gg rcf'.octcr) T5*^C:*l?<D.h<nf5 1 ^^"70, 
CO T I - ?^ ^ ^ ti T V ^ 6 w #« 1 1- -5 ^ )t y >f :^ 

[0 0 3 41 »^^2 2(D|g|gfi, fS^^2Uw|B«C0 
KIC*5V^T. ±E:/7 s/:/Kltl;55A 1 G 
a I nPtAl Ga AsOV^Ti^3^^^-o^:/>/.c< 

[003 51 
' /\ ^ #j 1 

[003 71 
(003 81 
[00 3 9] 
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10 0 4 0] 
[0 0 4 1 1 
[0 0 4 2] 
[0 0 4 3] 
[00441 
[0 0 4 5] 
[0 0 4 6] 
[00 4 7] 
[004 8] 
[0 0 4 9] 
[0 0 5 0] 
[00 511 
[00 5 2] 
[0 0 5 3] 
[0 0 5 4] 
[0 0 5 5] 
[00 5 6] 
[005 7] 
[005 8] 
[0 0 5 9] 

[0 0 6 0] ^ : i i 

«t-^)S2^7.y KSS:^gi-5o w(D^3tei$^-<2i-«-K 
«:*itm2^7:/ Kl±^c?gfig;$t^:/^:m2^mM^^•t- 
5 y K!>S$r^U Se^^ >^ K»>®oS$i(4m 2 

2»mM^^'t--6=iV^^ M;65^fiS;^ixT. y 
y-V^^ > : c contact) ^rH^i" 

[0 0 6 1] 

[0 0 6 2] Stg5 2 355T^mil5 0iO±(::m^ix 
:*:^^<^^ll6«^-Ctt. 5«5 2ttn?^(^Ga As i: 

^X\*s 't'i>^Ajl''6 ii*. *3 w o > >' ^' » i -.". — 

1 Ga I nP3^w<-7yyl5 4 (ii^. ^^4png 
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Al Ga I nPT^7> KS 5 4 0 . Al G a I n 
1415 4 2, RXfp^(DA 1 G a I n F y Kl 5 

4 4Sr^^g-r-5o ^n?^<Z)A 1 Ga I nPT^7S/ 

5 40. Al Ga I TiPm^MS 4 2RXfplf^(OA\ G 
a I nP±i^72/K15 4 4(Dl?^?{t^tV-em. 0. 

1 0 0 6 3 1 ^^^tCtt. A 1 G a I n 

P?£^±l 5 4 2 Dg-^fi^^t-i ^9 

5, SA I G a I n Pfi&i4® 5 4 2 {t^^O^fifi^^ lo 
F (multiple quQntum well;M 
QW) m'^(D^m::^^m^^fi^c fi^f^^t-ct"?. 
A 1 G a I n Pf^^M 5 4 2 OA 1 i^;!5i«^> ixX [sj 

yjf.^(r>pm(0^^>h*^MSQt>pM(r>A\ Gain 
P±^7yKS5 4 40±|C?^*$iXv wOp?^<^!>>r 
vK^^JlseoSft (0. '^0 :5Q-cm) fip?^<OAi 
Ga I nP±^7S/ Kl 5 4 4(^^gtJ:t)/^$V^^^^U 

v\ ii^tt. >:(Dp?^cO!>^>'K5^®tctt, ii^liiS^t 
«WS«ffl*ix.:«;t«GaP. GaAsP. Gain 
P^VNflA 1 G a A s *SffiV>e)tt5o ^5^^ V K!?')! 5 6 

t;b^U P?^<OAiGa inP±^7$' KifiSo44 

[0 0 6 5] ^bl^ls S5<?5A«r#K$tu:feV\ pB(0 

V^5o wOUte^rri. h^5 8:65Ga As 

P. Ga P. Gal n P]^V>HG a A s 'C?^^^$i^rv^ 
6« -t«od^+yr«Sfi5xioi8cm-3j: 
^5 5 0 0 h 2 ^ ^ • ' n :i J: 

!j?>r:/K!:7S5 6i:»«a)tSS{bl6 0 (w(Dl^cov^ 40 

(3X1 0"4Q-cm) h^5 80^^ 

(0. 0 5Q-cm) J:?)W>$V^) o i^V^T. ^^^fi^JJfc 

10 0 6 6] ii^. g^{b«ssScVMt®^{fc:-r^-v>e7A«& (i 
TO) ici!3»ms)tss{b^6 0?55?^fijt$ix. ^(^n.^ 
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ti. ^ma)fei^{b^6 0ii7;/<s/^ i; yi/^VMiK^^-A 
yiZ-C^BfifeStt-So 5 5 0nm 

y K^15 6l^(D:3e-^yrSSj6n X l Ol9cm-3j;i9 
/h$i/^B#. ^m^^®^^bl6 0^!>^vK'>^5 6(tb 

^mS)fei?{bl 6 0 ^ y K!^7l 5 6 co^SIt^ 

H5 8<Dra(o«fi:rtisi^i o:e— A-c. Ji.o«mS3t» 

^k:16 0 tlJ^'f^^K^'lS 6<^^<^^35tf:3:l 0^^-! 0 
ir- Yt'^'^%flWmM\z.hhn 1 0 OmA 

±sa)*%^-rSo c:co»mS3feffi^ftS e o it^i 5 4 

1 0-4q~: c lii-C^ t) . 3 - h '^-/'^ y T^fiJ5)-S:l^ 

[0 0 6 7]^^i::.- p?^<^=«>'^^ h=£:»ma*i^{b 
16 0 (D±o-^:Jjtc?^fi^ Ut±Sm® 6"2 i jfe-To w 

jisms 6 2 y^'iJ' 5 8 

a3t^<bJi 6 0 1 Tisffi 5 0 . uimffie 2 si^tt. 
MOV p E^feT??^fife$tv> r ttiJi J: 0 ^om. y 

[0 0 6 8] 05<DBl;i^$tt2>Ofi. 
i:®5<^Al::^4tt6t><^i:<?^S:^<^Sv>lt. 

^r/^^SWSS 0 (distributed Brag 
g reflector) 3&5S«5 2±twJ^fig:$ixTV^ 
^tltt. A 1 Ga I nP*V^«:Al GaAs 

'12 O^W.h^'^.l^-r^r r(07'7!y^SW18 OttS 
ttl5 4 2d^^*6*j|l<OS«5 2lCj;5«JKiC(«rfec'y 

6. *^te«RJ-ejt. y 7 y i^Sltl 8 0 LT 8 0 
-1 OOmc dO»K«ra#Urv>^. 

[00 6 9] H 6 <DAtt:^^m(0^1^&i^\(^^^y^ 

i 7><-ft»i:3:^/^>'^^a«-C-6l5Qil6j»16 4*5|^* 
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[0 0 7 0] ms(DB\t:^^m(7yf^iM&M<7:>ho-^ 

<t>itVMt, ^moyyiyiTR^MSO (d i s t r i b 
uted Bragg reflector) jd^S^ 5 
2±{cm^^ilX\^^^ZtX. ^tlit. AlGa 
I n P|gV^^tA 1 G a A s XBj&^tl^o ^^^MX 
ti. :^7y^SS*»8 0«:2 0m±Sr^fii-$o ZO 
-^yy VRiitM 8 0 nmi^M 5 4 2 i^bJfeS^^iillcogt^ 

8 0 Srffiffl LTSO-lOOmcd (Offl^S ^ai# V^ 

5. 20 

[00 7 1]®? <^ AH:*^5g(7>m 2jl3S^J<0^3t^>f 

H+ *v^«:0+ t $^^T^f;««;^B«6 6 t:m^LX9,m 30 

10 0 7 21 m7(OBtt:^?^m(DfS2M1S^M(r>t0-m 
(0^tfty^:t- KCD«it^^f o 6 (DARnm 6 (OB 

m^^tii>c m7(OB(Dmm<r>m7(DA<Dmmt(DML:k 

oav>tt. #«(oy7 5^t/Slt«8 Ods^SS 2±t;:$ 
tiTi>5c:<!:r\ ^yyy^^ii^M SO it. iS'^. Ai 

G s T n Pll(VMt A 1 G a A s Xm^^tl^. ^M^m 
■Cll, :/7yi/SltS8 0li2 0^j^;l±€r'^f5r^o C 

«5 2tci5Ki|XS:igc^>U. ^rtHililDll^y-f;^— K 

®8 0^ffi^UT8 0-l OOmc d <Oli[S$r»#LT 

[00 7 31 08 CD All*|IWcom.2Jga:0y<D%i)ty-< 
K'm*s?;^*'^-f , ^ixi:!l!7 A^oPbIT. IfClfi 

5o Ei8<oAtf. ^momnmtmi (OA<D^M(Dmm 
mnKMxh^o msoA^. mmso. s*g5 2&t; 
T^yyyss4o\t>^mmmx\ti>mt^ti. so 



:yK^5 4 4, !>-f V h'r^Ji 5 6 . = ^ 5 921^ 

2<0»«^ttn?^i:$ttSo yy^77^-^ 
flfi:l£«::^&JcJ;i9-9J(?53yi5^^ VMS 9 t-^<D^ 

ix(tia8lc^$jx5i:*5l9r*fcSo Z(D^mmi$.6 SCO 

x^^RxfiiLWiit. mt±mmme'2\zMJt^'r^. 
^mxn. pm<r)^^>. mt^zrir^mw^^fixza) 

y ^R^m 80 II ^-OK ^156 (om.zfy y ^Kk^M 

SOii^'pfKthl mmML^st^ 

[0 0 7 4) ms<r)B\t:if.^m(r>%2^m(oh^-m 
<r>^%y^t-Y<omik^7^. mioA. mi cob 
t. ms(DB t(Dmxmcmnm\:^n^xm^L. 
m\:.m\mcx.mxm^^ti^. mscoBommoms 

<0A(Dmmt(DML±(O»,^rt. ^M<D'fyy^Rk^SS 
0:6S£«5 2±(<i^tlTVN^r^:-e. m^vy^^m 
8 0 ii^. A 1 G a I n P^VM^iA 1 G a A s XJ^ 

^^ti^o. ^^mx\t. yyymMmsoni2om 

^±^^^^^0 Z(O:f.yy^KMms0\m^SS4 

Xit. 'fyy^!^it^msO^^mhXS0--10 0tnc 
d.c^»g^S#LXV>^>, 

[0 0 7 51 ieii±w:*^5g<oM^ tv^||^fe^^c§||1-5Si 
mxh^).. :^^m(Dm^i^m^m^'r^fz}6<oh<ox\t 

[00 761 

[ii?^<7)a*i ^isigicio. n&tm<. xmmm 

mi] ^ij^M(D^^y^:i—hWMm7r^mxh^o 

m2] '^m(Dm(D^^y^:t- vmit^^mxh^o 
mxh^o 

[115] i^^m(o^i%mm(0 2mmomit^^^-v 

[me] *|g?g<D»X^^J(D2filli0^ilt>5^>f:^-K 
[(181 :4c^igo^^^«ai(0 2S«(0^3ty-r:^-K 
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10 Tlffi« 

12 n?^GaAsSS 

14 A 1 Ga I n P^Tng-^^it 

18 ±Ji«« 

14 0 n?^A I Ga I n PTrJ'y y KM 
142 AlGaInP?Si41 
144 A 1 Ga I nPi^y^' KJi 
16 ^^:yY^m 

2 0 A 1 G a I n P ^ 7 
4 0 pJ^3>'^^'M 

4 2 M'm^mtm 

1 9 SSI 

5 0 Tim«e 



i5 

5 2 £S 

5 4 A I Ga I nVir-^<-yVfm 
5 40 T^^t/KS 

54 2 m^m 

5 4 4 ±^7 5/ KS 

5 6 ^^>Y^m 



5 8 

6 0 
6 2 
8 0 

5 9 

6 4 
6 6 
6 8 
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142 JU 



[@4] 




1(^5] 



19 



- -142 14 
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'12 
^10 
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1 80 
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